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•  How are color neutral 

objects formed? 

•  Confinement: why free quarks  are not observed? 

•  Origin of the hadron mass: the Higgs mechanism 
accounts for some percent of the hadron mass 

•  Establish existence and 
properties of exotics, 
hybrids, glueballs 

•  Structure of the nucleon 
(charge, magnetic, spin 
distributions) 
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Open questions in QCD (some..) 
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Facility for Antiproton and Ion Research                   
(Darmstadt/Germany) 

PANDA  
Anti-protons  

FLAIR-APPA  
Ions, antiprotons  CBM  

Heavy Ions  

NUSTAR  
Radioactive 
Ion beams 

All physics communities  
are represented 
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http://www-panda.gsi.de/ http://www.fair-center.eu/ 
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Antiprotons at FAIR 
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• Proton Linac 70 MeV 
• Accelerate p in SIS18/SIS100 
• Produce pbar on NI/Cu target 
• Collect pbar in CR 
• Storage in HESR 

Parameters of HESR 
 
•  Injection of pbar at 3.7 GeV 
•  Slow synchrotron  
•  Momentum 1.5-15 GeV/c 
•  Luminosity 1031 cm-2s-1 
    (up to Lpeak~ 2x1032 cm-2s-1) 
•  Beam cooling 
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Panda will have: 
- Better luminosity 
- Better beam momentum resolution 
- Better detector (coverage, PID,magnetic field..) 
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Antiproton facilities 
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(Low energy beams) 
<8.9 
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High Energy Storage Ring 

Internal 
and  

Fixed 
 target experiment 
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Experimental Program 
 

•  Hadron spectroscopy 
Ø  Charmonium spectroscopy 
Ø  Open charm 
Ø  Gluonic excitations 
 

•  Interaction of hadrons 
Ø  Hypernuclear Physics 
Ø  In medium modification of mesons 
Ø  Color transparency 

 
•  Hadron structure 

Ø  Electromagnetic Form Factors 
Ø  TDA, GDA,Drell Yan 

Two examples later 



• Cross sections expectations for 
–  glueballs and light hybrids 

•  rates comparable to light 
hadrons 

–  charmed hybrids and molecules 
•  rates comparable to charmed 

hadrons 
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PDG 
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1 mb 

1 nb 

1 µb 

1OO mb total 

elastic 

• EM processes 

Exclusive  Final States 

LEAP, 14-III-2017 
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arXiv:0903.3905v1 

Hadron Physics 



•  4π  acceptance 
•  high rate capability (average 

interaction rate 20 MHz) 
•  excellent tracking capabilities,  

momentum resolution 1%  
•  Vertex reconstruction for D, Ks , 

hyperons 
•  good  PID ( e, µ, π, K, p ) → 

Čerenkov, ToF, dE/dx 
•  γ detection 3 MeV- 10 GeV →  

PWO crystal calorimeter 
•  continuous data acquisition,  
    no hardware trigger, 
    intelligent software trigger 
 

 Detector requirements 
QCD bound states 
 
Hadrons in nuclear 
matter 
 
Electroweak physics 
 
Electromagnetic 
processes 
 
Hypernuclear 
Physics 
 

 Physic topics 
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START/ FULL SETUP 
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• gluon-rich environment 
• all quantum numbers 

 allowed by qqbar 

JPC = 1- - 

J = 0,2,..  C = + 

J = 1,..  C = - 
• q-qbar annihilate into gluons 

• Formation:  
-> (precision physics) 

LEAP, 14-III-2017 13 

Proton-Antiproton Annihilation 
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XYZ states 

• What is the nature of these states? 
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Appearance of a resonance in production mode and 
disappearance in formation mode sign its exotic nature 

Very precise scan of a resonance in formation mode: 
depends on HESR beam momentum resolution Δp/p~2x10-5  

LEAP, 14-III-2017 

Mass resolution 
e+e- :              2   MeV 
FermiLab        240 keV 
HESR             50   keV 
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Search for glueballs, hybrids 
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Planning (MSV and beyond) 

today 
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Phase Zero 
•  PHASE  ZERO: it is NOW! 

•  Prototypes, TDR… mostly ready 
•  Detectors are in construction 
•  They will be used in running experiments 

•  MOU have been signed with 
•  Hades (radiative decays of hyperons..) 
•  Jlab (CLAS, HALL D, analysis, charm…) 
•  MAMI@Mainz : test of EMC calorimeter,  
                               ep->epll, ep-> π0π0

KOALA@Jülich:  
•  pbar-p elastic scattering 
•   0.0005<|t|<0.1 GeV2 

 



The PANDA Collaboration 
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more than 460 physicists from 
from 75 institutions in 19 countries Egle Tomasi-Gustafsson 
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Thank you for your attention 
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PANDA and the World 


